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This manual presents an example application of the Cologne Protocol using
QGIS and SAGA. You can either execute the task stepwise by hand (see below) or
use the semi-automatic QGIS Python/R scripts (*.py/*.rsx) available at the GitHub
Repository (https://github.com/C-C-A-A/CologneProtocol-QGIS). The scripts are
however experimental and manual and scripts come without any kind of
guarantee, so please make sure to double-check your results. Regardless of what
approach you choose, please read the manual and consult the publication and
supplement (Schmidt et al. 2020).

The manual describes the first two parts of the Cologne Protocol, which are a GIS-
analysis of site distribution and the identification of so-called Core Areas. The
construction of Voronoi diagrams and "Largest Empty Circles" are conducted in
QGIS. Kriging and converting the kriging results into isolines is done in SAGA. The
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step of selecting the Optimally Describing Isoline is not explained in this manual
and can be found in the R or the Maplnfo manual. The aim of this manual is
neither to explain the theoretical background nor the further steps of the Cologne
Protocol. For these points please refer to the associated publication including the
supplementary information.
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1. Shape-Layer with sites as points

As case study we use part of a distribution map of Early Neolithic sites in Central
Europe. The map is based on Preuss (1998, Karte 1) and available from the CRC
806 database (https://crc806db.uni-koeln.de/start/). Search for “Early Neolithic
sites in Central Europe”. Besides point symbols representing single sites the
original map also included symbols for an agglomeration of five sites. The digital
data set has been processed to resolve this issue.

Make sure to download the files in Gauss-Kruger projection
(13_earlyNeolithic_CE_sites GK3.shp) not the WGS84 (Latitude/Longitude) files.

Start QGIS and load your or the example data set:
Layer /Add Layer /Add Vector Layer...
13 earlyNeolithic_CE_sites GK3.shp

(formerly - and for the following screenshots:
13 earlyNeolithic_ FRG_sites GK3.shp)

Our example data set consists of 2378 early Neolithic sites.


https://crc806db.uni-koeln.de/start/
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Check the projection system of your QGIS project and of the sites layer. Both
should be EPSG 31467 (DHDN / 3-degree Gauss-Kruger zone 3). If they are not,
change them accordingly.

Project / Properties / CRS...

Project Properties | CRS {x]
Project Coordinate Reference System (CRS)

No CRS (or unknown/non-Earth projection)
Filter | L

Recently Used Coordinate Reference Systems

Coordinate Reference System Authority ID
% Default Sty DHDN / 3-degree Gauss-Kruger zone 3 EP5G:31467
. ETRS89 /UTM zone 32N EPSG:25832
==} . DHDN / 3-degree Gauss-Kruger zone 2 EPSG:31466
| RS RDN2008 / UTM zone 32N EPSG:7791
L B Relations ] Y
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Coordinate Reference System Authority ID -
@ Macros DHDN / 3-degree Gauss-Kruger zone 1 (E-N) EPSG:5680
DHDN / 3-degree Gauss-Kruger zone 2 EPSG:31466
& oais server DHDN [ 3-degree Gauss-Kruger zone 2 (E-N) EPSG:5676
DHDN [ 3-degree Gauss-Kruger zone 3 EPSG:31467
P L PR Vrmar wana 3 f0 KL roceiccTT b
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Right Click on Layer / Properties / Source...

Layer Properties - 13_earlyMeolithic_FRG_sites_GK3 | Source [ x ]
| v Settings
Layer name i13_earI.yNeolithic_FRG_sites_GK3 | displayed as |13_earlyMeolithic_FRG_sites_CK3
Data source encoding | UTF-8 ot |
% ! symbology w Geometry and Coordinate Reference System
Set source coordinate reference system
Labels . P
| EPSG:31467 - DHDN [ 3-degree Gauss-Kruger zone 3 - | & |
Diagrams
2 | Create Spatial Index | | Update Extents |
3D View
w Provider Feature Filter
Fields
Attributes Form
Joins
Auxiliary | Query Builder |

Storage

@Actionz ,l- Style '-i OK “ Cancel || apply ||




2. Creating Voronoi polygons

The Cologne Protocol uses the Largest Empty Circle (LEC) or more precisely the
LEC radii to measure site distances. To locate the central points of the largest

empty circles, voronoi diagrams are constructed and the voronoi vertices are
extracted.

Vector / Geometry Tools / Voronoi Polygons...

Input Layer: 13 earlyNeolithic FRG_sites GK3.shp
Buffer region (% of extent): 0
Voronoi Polygons Q
1 .
Parameters | Log Voronoi polygons
Input layer - This algorithm takes a points layer and
2 13_earlyNeolithic_FRG_sites_GK3 [EPSG:31467] = || ... |@|| | 9eneratesa polygon layer containing the
o voronoi polygons corresponding to those
input points.
Buffer region (% of extent)
0 E
Voronoi polygons
|[Create temporary layer] | | |
v| Open output file after running algorithm
| 0% |
| ? Help | | Run as Batch Process... | ¥ Close | [ " Run
Result: Voronoi polygons.shp
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3. Extraction of vertices
Extract nodes/vertices of the voronoi diagrams.

Vector / Geometry Tools / Extract Vertices

Input layer: Voronoi polygons
Extract Vertices
Parameters Log
Input layer
- Woronoi polygons [EPSG:31467] -
Wertices
[Create temporary layer]
v Open output file after running algorithm
4
0%

? Help Run as Batch Process...

Result: Vertices.shp

Extract vertices

This algorithm takes a line or polygon
layer and generates a point layer with
points representing the vertices in the
input lines or polygons. The attributes
associated ko each point are the same
ones associated ko the line or polygon
that the point belongs to.

Additional fields are added to the point
indicating the vertex index (beginning at
0), the vertex's part and its index within
the part (as well as its ring for polygons),
distance along original geometry and
bisector angle of vertex For original
geomekry.

Close-up with sites as red dots, voronoi diagrams as black lines and
nodes/vertices as white dots. Exactly three sites are located on every

circumference of a LEC.
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REV.ARB 4/
)

Browser @

R - ]
Favorites

» [I" spatial Bookmarks

» [¥ Project Home

» [&] Home

r @3/

@ GeoPackage %
Layers @
v O0l®e TV &E-B AL

« Vertices

v ® 13_earlyNeolithic_FRG_sites_GK3 [2378]

| [] Voronoi polygons

Q Type to locate (CErl+K)

& o H

Processing Toolbox (3]
b RO RN
Q search

» (1) Recently used

» @ Cartography

» @ Database

» @ File tools

» @ Graphics

» () Interpolation

Results Viewer B

Coordinate | 3355977,5585880 | 9 Scale|1:355856 |~ | (@ Magnifier [ 100% 2| Rotation |00° 2 [v|Render @ EpsG3tder @



4. Aggregation of vertices

At the vertices/nodes several polygons meet, therefore extracting the nodes has
led to duplicate vertices. Those have to be deleted. One possibility for deleting

duplicates in QGIS is:

Open Processing Toolbox (CtrI+Alt+T):

/Processing Toolbox / Vector general / Delete duplicate geometries...

Search for: Delete duplicate geometries

Processing Toolbox (5]
Ba Ol BN
I 1 delete] a

* () Vector general
o Delete duplicate geometries
4 Delete duplicates by attribute
4+ Drop geometries
4+ Truncate table
* () Vector geometry
4 Delete holes
4+ Remove null geometries
* (3 Vector table
4+ Drop Field(s)

Input layer: Vertices

Delete Duplicate Geometries

Parameters Log
Input layer
Vertices [EPSG:31467]

Cleaned
[Create temporary layer]

v Open output file after running algorithm

? Help Run as Batch Process...

Result: Cleaned.shp

0%

Delete duplicate
geometries

This algorithm finds duplicated
geometries and removes them.

Attributes are not checked, so in case two
Features have identical geometries but
different attributes, only one of them will
be added to the result layer.



Using the example data you should end up with about 4758 vertices (duplicates
deleted). You can add the number of features to the Layers panel by right
clicking on the layer and selecting “Show feature count”.

Layers =]
@l & T [P S~ g

v © Cleaned [4758] -
v O Vertices [16574]

v ® 13 earlyMeolithic FRG_sites GK3 [23T78]

v D Voronoi polygons




5. Defining the radius of the , Largest Empty Circle”
The distance between vertex/node and the nearest measurement (site) is equal
to the radius of the Largest Empty Circle (LEC). We will now measure the distance
between vertices and sites (measurements/observations).

/ Processing Toolbox / Vector analysis / Distance to nearest hub (points)...

Source points layer: Shape-File with Vertices (Cleaned)
Destination hubs layer: Shape-File with sites (13 earlyNeolithic...)
Hub layer name attribute: ID Column (_ID)

Measurement unit: Meters

Important: the unit of measurement has to be equal to the project unit of
measurement (in our case meter).

This time it is vital to export the results, a temporary layer won’t do because we
will be using the LEC shp-File in SAGA. Save results as:

LEC.shp

Processing Toolbox (]
¥ A (D E ) +

1 distance to nearest
¢ (D) Recently used
¥ () Vector analysis
4% Distance to nearest hub (line to hub)

++ Distance to nearest hub (poinks)
* () Vector general
4% Join attributes by nearest
& GRASS
* Vector (wv.*)

4 w.distance
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Distance to Nearest Hub (Points)

q

Parameters | Log Distance to nearest hub
Source points layer (points]
Cleaned [EPSG:31467] | ..|l®

Civen an origin and a destination layers,
this algorithm computes the distance
bebween origin features and their closest
Destination hubs layer destination one. Distance calculations are
based on the Features center.

13_earlyNeolithic_FRG_sites_GK3 [EPSG:31467] ~ | ... || @
The resulting layer conkains origin
features center point with an additional
) field indicating the identifier of the
Hub layer name attribute nearest destination Feature and the
abc ID - distance to it.

Measurement unit
Meters -
Hub distance

LEC.shp

v Open output file after running algorithm

0%

? Help Run as Batch Process... ¥ Close +" Run

Have a look at the resulting Shape-File:
Choose Layer / Layer / Open Attribute Table...

Among others, you should find following columns:

HubName ID of the nearest measurement (site)
HubDist distance between node and measurement (LEC radius)
LEC :: Features Total: 4758, Filtered: 4758, Selected: 0 - °
J 2 g LT E P B S ge
RECHTS HOCH _ID vertex_ind vertex_par vertex_p_1 vertex p_2 distance angle HubMName  HubDist = =
1 3456035,738... 5827111,980... 1.0.h.512 4 0 0 4 272876,8... 4500... 1.0.h.512 223773,1...
2 3370705,849... 5705431,288... 1.0.h.127 4 0 0 4 226521,4... 62,52...1.0.h.512 204644,0...
3 3279184,698... 5654403,582... 1.0.h.1 2 0 0 2 164599,2... 7542... 1.0.h1 148550,1...
4 3514606,826... 5282950,227... 1.0.h.244 5 0 0 5 222169,0... 213,1... 1.0.h.1010 134134,3...
5 3497844,694... 5887924,534... 1.0.h.2479 1 0 0 1 157761,5... 17,25... 1.0.h.512 133002,8...
6 3514606,826... 5282950,227... 1.0.h.244 4 0 0 4 211950,5... 141,2.../1.0.h.244 129395,1... ||«

T show All Features _ = (=

The maximum “HubDist” (LEC radius) for our dataset is ca. 223773 m.
To get basic Statistics for LEC-radii:

Vector / Analysis Tools / Basic Statistics for Fields...
10



Parameters ‘ Log ‘

Basic Statistics for Fields

4

Input layer

©" LEC [EPSG:31467] ~|[..][2]
[] selected Features only
Field to calculate statistics on
| 1.2 HubDist - |
Statistics

|[Sa'u'e to temporary File]

Basic statistics for
fields

This algorithm generates basic
statistics from the analysis of a values
in a field in the attribute table of a
vector layer. Numeric, date, time and
string fields are supported.

The statistics returned will depend on
the field type.

Statistics are generated as an HTML
File.

K1

|

0%

| ? Help | | Run as Batch Process...
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5a Calculate Statistics

The Kriging procedure requires the variables lag distance and maximum search
distance. We will calculate these parameters in QGIS and then move on to SAGA
to build a semivariogram and compute the interpolation. For the maximum
search distance (MaxSearchDist) the diagonal of the LEC bounding box is divided
by two. To estimate lag distance (LagDist) we divide the bounding box diagonal

by 250. Both values will be used later in SAGA.

First, create the bounding box for the LEC/vertices:

Processing Toolbox / Vector Geometry / Minimum bounding geometry...

Input Layer: LEC.shp
Field:
Geometry Type: Envelope (Bounding Box)

Minimum Bounding Geometry

Parameters Log
Input layer
LEC [EPSG:31467] -

Field (optional, set if Features should be grouped by class) [optional]

Geomekry type

Envelope (Bounding Box)
Bounding geomekry
[Create temporary layer]

v | Open output file after running algorithm

0%

Run as Batch Process...

Minimum bounding
geometry

This algorithm creates geometries which
enclose the features From an input layer.

Mumerous enclosing geometry types are
supported, including bounding boxes
(envelopes), oriented rectangles, circles
and convex hulls.

Optionally, the Features can be grouped
by a Field. If set, this causes the output
layer to contain one Feature per grouped
value with a minimal geometry covering
just the Features with matching values.

| Run Close Help

Open Attribute Table of new layer “Bounding geometry” (Right Click on Layer /
Open Attribute Table) and open Field Calculator (Ctrl+/)

Bounding geometry :: Features Total: 1, Filtered: 1, Selected: 0 =
= &

¥ ~ g LT E S D
id width height area perimeter
1 0| 743080,428534 661461,240668 4915189021... 2809083,338...

T show All Features

Check “Create a new field”

/]
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Output field name: MaxSearchDist

Output field type: Decimal number (real)

Output field length: 10

Precision: 3

Formula: sqrt( "width" ©~ 2+ "height"~2)/2

Field Calculator

v Create a new Field Update existing Field
Create virtual field

Output field name |MaxSearchDist

Output field type Decimal number (real) ot

Output field length |10 < | Precision 3

ik

Expression Function Editor

o [l T (R B =] Search.

[sqrtl B “2))/2 row_number
Aggregates
Arrays

Color
Conditionals
Conversions
Date and Time
Fields and Values
Files and Paths
Fuzzy Matching
General
Geometry

Man | avers

Contains functions which aggregate
values over layers and fields.

T T EFFFTETETTTTET

Output preview: 497418.20839612046

? Help % Cancel v OK

And you should also calculate the Lag Distance to be used in the Semivariogram:

Check “Create a new field”

Output field name: LagDist

Output field type: Decimal number (real)

Output field length: 10

Precision: 3

Formula: sqrt( "width" ~ 2+ "height"~2)/250

13



Field Calculator (X

V| Create a new Field Update existing Field

Create virtual field

Output field name lLag Dist|

Qutput field type Decimal number (real) -
Output Field length | 10 < | Precision 3

4k

Expression Function Editor

| 7 | T | S e AR = | Q Search... group aggregates

[sqrt( o2+ ~2)) /258 row_number
Aggregates
Arrays

Color
Conditionals
Conversions
Date and Time
Fields and Values
Files and Paths
Fuzzy Maktching
General

Geometry
Man | avars

Contains functions which agaregate
values over layers and fields.

v T T T T T T FTFTETETT

Output preview: 3979.3456671689637

? Help % Cancel

Bounding geometry :: Features Total: 1, Filtered: 1, Selected: 0 = RI x
V4 ﬁ' B T G & 1] Y T ":’ }:\" 3 U—B I:I = | (&) Q:
123 jd > |=|& ~ || Update All
id width height area perimeter MaxSearchDisk LagDist
1 0 743080,428534 661461,240668 4915189021... 2809083,338... 497418,208 3975,346

T show All Features R —
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6. Kriging - Preparations and Grid

Save your results, close QGIS and start SAGA. Open the layers with the LEC-Radii
and the layer with initial measurements (sites):

File / Open...

13 earlyNeolithic FRG sites GK3.shp

LEC.shp

Double-clicking on the layer will add the points to a map.

File Geoprocessing Map Window 7?7

F H B B2 & 0

Manager

5 700 =Data  [@yme

[Eltree | BBThumbnails
& Data
—3%2 Shapes
~— "% Point
% 01.LEC

ready

SAGA - B

© @ 8 8 ¢ B FE O xa®mH L B O~

® | @ot.LEC ®

SooG0  Sio0000  Fa0nnon 3300000 3400000 3%00000 3800000 3700000 3a00000 3900000 anooon aiouons 4200000 4300000
: ; ; : : ; (oo ; . e ; : :
L] ®
° o® ° e® ®

® @ 8 o )

[f0000 5360000 5440000 5520000 5600000 5680000 5760000 5840000 5920

160000 240000 320000 400000 480000 560000 64000

soboo

100000 200000 300000 400000 500000 600000 700000 800000 900000 1000000 1100000 1200000 1306000  1400)

@ Ceneral | f¥execution  @Errors

[2020-04-07/10:48:08] Loading tool chain: /usi/share/saga/toolchains/shapes_select_deletexml...okay
[2020-04-07/10:48:08] Loading tool chain: /usr/share/saga/toolchains/imagery_lczc.xml...okay
[2020-04-07/10:48:08] Loading tool chain: /usr/share/saga/toolchains/obia.xml...okay

120200407 110-48-08] | nadinn tanl chain: Aucrlchara fcana/tralrhaine fimanaru_Fmack_claurds vml_aka

X2910259.2560.. Y 5665040.4755.. Z

For interpolation, we will be using the Ordinary Kriging Module from SAGA. The
parameters for building the semivariogram and for Kriging have to be entered
first. For kriging we need a grid of evenly distributed points. The interpolation
algorithm will estimate the site distance (radius of LEC) at every point of the grid,
based upon the available vertices and their values for the radius of the LEC. For
the current example we will create a grid with a spacing of 1000 m between each
point. That means a raster file with 1 x 1 km pixels is created.

Geoprocessing / Spatial and Geostatistics / Kriging / Ordinary Kriging...
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» Data Objects
= Shapes
v == Poinks
Aktribute
+ Options
= Targek Grid System
Cellsize
West
East
Soukh
Morth
Columns
Rows
Fit
« QOptional Target Grids
Quality Measure
+ Kriging
Type of Quality Measure
Logarithmic Transformation
+ Block Kriging
Block Size
Cross Walidation
+ Search Options
» Search Range
Maximum Search Distance
+ Mumber of Points
Minimum
Maximum
Direction

Ordinary Kriging

01.LEC
HubDist

user defined
1000
3.2448e+06
4.0048e+06
5.2572e+06
5.9372e+06
761

681

nodes

[

Standard Deviation

[]

100
none

local

497418

maximum number of nearest points
3

10

all directions

Search Range
Choice

A_vailable Choices:
[0] local

[x)

Okay

\bbrechen

Load

Save

Defaults

Info ==
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Points:
Attribute:

Target Grid system:
Cellsize:

Search Range:

Maximum Search Distance:

Number of Points Minimum:

Maximum:
Direction:

Check “Quality Measure” to get plot of the variance for checking the quality of
the interpolation. You can also activate “Block Kriging” (Block Size: 100) for
smoothing. Changing blocksize or not using block kriging won't alter the results

dramatically.

Layer we want to krige (LEC.shp)
HubDist

user defined
1000

local
497418

3
10
all directions

Press Okay to compute the sample semivariogram.
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7. Kriging - Semivariogram

The kriging procedure requires a theoretical semivariogram, which is used to
estimate the radii of the LEC at every point of the grid. To compute this
theoretical semivariogram, we need to explore the experimental semivariogram
first. The Semivariogram displays the ratio of distance between pairs of points to
the similarity (difference) of points in distance classes (lags).

To adjust lag distance and enter a theoretical model (formula) click:
Settings / Variogram Settings...

Choose one of the following functions, either a

linear regression/exponential model:

a+b*x+c*x "2

or as an alternative, the power model:

a+b*x"c

Variables explained:

a= nugget
b = sill
C = range

The spherical model doesn’t seem to work, at least using our data set. Make sure
to set nugget to zero (a = 0). For example in the exponential model:

“O+ b*x+ c*x™2"” or using the power model “0 + b * x ~c”. Or simply:

Linear regression/exponential model:

b*x+c*x "2

or as an alternative, the power model:

b *x ~c

Skip: 1

Lag Distance: 3979 (calculated in QGIS)

Maximum Distance: 497418 (= MaxSearchDist, calculated in QGIS)
Model: b*x "~c

or
b*x+c*x "2

Enter the model of your choice in “Model” and click “Okay” to return to the
semivariogram.
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Options
Skip
Lag Distance

Maximum Distance

Variogram Settings

1
3979
497418

D+b*x+c*x"2

Okay

kbbrechen

Load
Save

Defaults

Adjust the fitting range to the first peak or plateau of the distribution by using the
slider “Function Fitting Range” on the left side of the panel. In our case study it is
at ca. 79586 on the x-axis (Fitting range = 79586.9). Of course, a decision has to
be made on a case-by-case basis.

Ok

Abbrechen
Settings
Number of Pairs.
Predefined Functions
a+b*x

Function Fitting Range

o

Function Parameters
O+b*x+c*x 2

b=242.253
c=0.0116504

Determination: 96.92%
Fitting range: 79586\.913343
Samplesin range: 20

Lag Classes: 126

Lag Distance:  3979.00
Maximum Distance: 497418.21

100

Variance

320000000

Variogram

240000000

160000000

80000000 ﬁ 0

*, 0% e [0
Poe o .... -
R

s

40000 80000 120000

160000

200000 240000 280000

320000

360000

400000

440000

48000

O+b*x+c*xn2

Distance

Click OK to start the Kriging process. Computing will take some while depending

on your computer (processor, ram, hard disk).
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8. Kriging - inspect and export raster output

The result of the kriging interpolation is a raster map of the prediction and, if you
checked “Quality Measure”, the variance or standard deviation of the results.
Double-click on the new grid to add it to a map.

SAGA
File Geoprocessing Map Window ?
¥ 0 BH o e s T © 945 e BH X @n e kB O~

Manager ® [@l01.LEC | [@]01.LEC.HubDist [Ordinary Kriging] [

®Tools | RData | @iMaps 000000 3100000 3700000 3300000 3400000 3300000 3000000 3700000 3800000 3900000 4000000  £100000 4200000 4300000
Eltree | BBrhumbnails
+— Data

Grids
1000; 761x 681y; 3244800x 5257200y
01.LEC.HubDist [ordinary Kriging]
shapes
W Point
W 01.LEC
%% 02.13_earlyNeolithic_FRG_sites_GK3

T T T T T T T T
B0bO0 160000 240000 320000 400000 480000 560000 640000

280000 5360000 5440000 5520000 5600000 5680000 5760000 5840000 59200

100000 200000 300000 400000 500000 GODOOD 700000 BOODDO 00000 1000000 1100000 1200000 1300000 1s00oco
Messages 5]

OCeneral | execution  @Errors

[2020-04-07/11:23:58] Executing tool: Ordinary Kriging
[2020-04-07/11:26:07] Tool execution succeeded
[2020-04-07/11:26:52] Close: LEC.HubDist [Ordinary Kriging]...okay

ready X4003459.4827... Y5736628.8793.. Z

You can export the raster as Surfer Grid so you can import it in QGIS later.

Geoprocessing / File / Grid / Export / Export Surfer Grid...
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9. Creating contour lines (isolines)
Using the kriging raster we will create isolines, convert them to polygons and
compute the area and number of sites per isoline. Number of sites and isoline
area are important for selecting the “Optimally Describing Isoline” (Zimmermann
et al. (2004, 53-55)).

First we will extract the isolines or contour lines from the raster. The easiest way
to find functions in SAGA is to search for them:

Geoprocessing / Find and run tool / Contour Lines from Grid...
or

Geoprocessing / Shapes / Grid / Vectorization / Contour Lines from Grid...

Contour Lines from Grid

Data Objecks

Okay
Grids
Grid system 1000;761x 681y; 3244800x 5257200y  \bbrechen
>> Grid 01.LEC.HubDist [Ordinary Kriging]
Shapes
=< Contour =Create= Load
= Polygons =not set=
Options >ave
Vertex Type X,V W Defaults
Interpolation Scale 1
Split Parts
Minimum Contour Value 0 Info >>
Maximum Contour Value 25000
Equidistance 500
Vertex Type
Choice

EDSE vertex type For resulting contours

In our case study we need contour lines starting at 0 and ending at 25000 m with
an equidistance of 500 m. It is advised to calculate as few isolines as possible.

Grid: our new Kriging grid (the original not the export)
Contour: <Create>

Polygons: <not set> (we want lines not polygons yet)
Vertex Type: X,y

Interpolation Scale: 1

Split Parts: checked

Minimum Contour Value: 0
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Maximum Contour Value: 25000
Equidistance: 500

Geoprocessing / Shapes / Conversion / Convert Lines to Polygons...

Convert Lines to Polygons

Okay
<< Polygons <create> Abbrechen
01.LEC_neu [Interval 500.00] v
Create Single Multipart Polygon |:| Load
Merge Line Parts to One Polygon |:| o2
Save
Defaults
Polygons: <create>
Lines: the contour line layer created above
Create Single Multipart Polygon: unchecked
Merge Line Parts to One Polygon: unchecked
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Dissolve Polygons using the iso-value (Z):

Geoprocessing / Shapes / Polygons / Polygon Dissolve...

- Data Objects
-/ Shapes
-/ == Polygons

Polygon Dissolve

01. LEC [Interval 500.00]

1. Attribute z
2. Attribute =nok set=
Skatistics <no attribukes>
<< Dissolved Polygons =creates
-/ Options
Keep Boundaries []
1. Attribute
Table field
Polygons: Polygon layer created above
1. Attribute: Z
2. Attribute: <not set>
Statistics: <no attributes>
<<Dissolved Polygons: <create>
Keep Boundaries: unchecked

Okay

Abbrechen

Load
Save

Defaults
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10. Calculating the area and the number of sites per

isoline

Use the newly created dissolved isoline polygon layer and check the box “Area”

and “Number of Parts”

Geoprocessing / Shapes / Polygons / Polygon Properties...

>> Polygons
< Polygons with Property Attributes

Number of Parts
Mumber of Vertices
Perimeter

Area

Polygon Properties

02. LEC [Interval 500.00] [Dissolved: Z]
02.LEC [Interval 500.00] [Dissolved: Z]

RIOLE

Polygons:
Polygons with Property Attributes:

Number of Parts:
Number of Vertices:
Perimeter:

Area:

Okay

Abbrechen

Load
Save

Defaults

Dissolved polygon layer created above
Dissolved polygon layer created above

checked
unchecked
unchecked
checked

The calculated areas will be in your map unit (in our case study: m?). If we want

km?2 we have to:

Processing / Table / Calculus / Table Calculator...
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Table Calculator

-/ Options
Okay
Formula F3 /1000000
Field Name Area_km2 sbbrechen
-/ Dakta Objecks
- Tables
- >> Table 02. Polygons with Property Attributes Load
Field AREA
< Result 02. Polygons with Property Attributes v Save
Defaulks
Formula: f3 /1000000 (third field of the table)
Field Name: Area_km?2 (name of field to be created)
>>Table: Polygon layer with attributes
Field: AREA (field to be divided)
<Result: Polygon layer with attributes (update

layer)

Geoprocessing / Shapes / Points / Points Count Points in Polygons

Now we count the number of sites within each isoline. “Points” is the original
layer with measurements (sites) and “Polygons” is the dissolved Isoline polygon
layer (might be called “Polygons with Property Attributes” or “Result”).

Count Points in Polygons

Data Objecks

Okay
Shapes

»>> Points 02.13_earlyMeolithic_FRG_sites_GK3 \bbrechen
04. Polygons with Property Attributes |v

Load
Save

Defaulks

Info ==
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Have a look at the attributes:

Right Click on Layer > Attributes > Show

SAGA =
File Geoprocessing Table Window ?
FH DE R0 % T & X
Manager ® 01, Result
*5Tools S&Data [EMaps
Eree rhumonalls z NPARTS AREA Points
1 500.000000 93 75.101703 154
’%Data_ 2| 1000.000000 139 409.313027 637
__—?&n:j;cc;msxssay;nn: 3| 1500.000000 133 1099.792963 640
L IEEr 4 2000.000000 218 2391.199250 681
- Shapes 5 2500.000000 251 6532.456716 971
—_N Line 6  3000.000000 198 12982.785929 1389
A 01, LEC [Interval 50C 7/ 3500.000000 141 20070.684800 1703
-—*% Point 8  4000.000000 123 27380.125438 1919
% 01.LEC 9|  4500.000000 118 34403.924887 2026
% 02.13_earlyNeolithi 10 5000.000000 91 40947.647472 2091
-~ Polygon 1 5500.000000 81 47010.804981 2141
01.LEC [Interval 50 12|  6000.000000 67 52687.852576 2182
13| 6500.000000 66 58093.657083 2211
1a|  7000.000000 67 63196.620246 2240
15| 7500.000000 62 68177.863662 2261
16/  8000.000000 55 72979.125122 2279
Messages
© General ¥ Execution ) Errors
e e T
[2020-04-09/17:28:45] Executing tool: Table Calculator
[2020-04-09/17:28:45] Tool execution succeeded
[2020-04-09/17:30:11] Executing tool: Count Points in Polygons
[2020-04-09/17:30:11] Tool execution succeeded
ready X2808734.8314.. Y5561096.6292.. Z

You should end up with a shape-file of polygons and columns for each isoline
value (“Z"”), the number of parts the isolines consist of (“NPARTS"”), the area per
isoline and the number of sites (“Points”) within each isoline. The figure above
shows the results using the first formula (linear regression/exponential model).
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11. Data export

Export the results (might be called “Polygons with Property Attributes” or
“Result”) as comma-separated values (*.csv):

Geoprocessing / File / Tables / Export / Export Text Table...

Data Objecks
Tables
>> Table
Options
Headline
Strings in Quota
Separator
other

Export Text Table

04. Polygons with Property Attributes

*

File
File path

and as shape-File:

Geoprocessing / File / Shapes / Export / Export Shapes

Data Objecks

Export Shapes

Shapes
=>> Shapes 04. Polygons with Property Attributes
Options
Format ESRI Shapefile
File
File path

Okay

\bbrechen

Load

Save

Defaults

Info ==

Okay

\bbrechen

Load

Save

Defaulks

Info ==
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12. Selecting the "Optimally Describing Isoline"

The step of selecting the Optimally Describing Isoline is not described in this
manual. You can do this in a spreadsheet program (e.g. Microsoft Excel). Please
refer to the R or the MapInfo manual.
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